INTRODUCTION
Mosquitoes are major disease vectors as well as nuisance insects and are therefore relevant to control programs in Brazil. Most of these programs still rely on techniques that eliminate adult mosquitoes.
Nevertheless, recent concerns related resistance, environmental damage, and safety for operators have stimulated a discussion on alternate methods for controlling these vectors and have highlighted the importance of actions against mosquito larvae and their breeding sites (Ruas-Neto & Oliveira, 1985) .
Methods for using larvicides have not been extensively studies in recent years in Brazil and important problems such as choice of the agent and application procedures have not been resolved. The present study, carried out in the State. Rio Grande do Sul, analyzes some of the advantages and disadvantages of several larvicides agents (Ruas-Neto & Silveira, 1989) .
Biological Control

LABORATORY TESTS AGAINST MOSQUITOES
Laboratory bioassays were carried out from July 1989 to March 1991. They employed laboratory reared speciment of Culex quinquefasciatusa Say, the target species for nearly all local control programs in Rio Grande do Sul (Ruas-Neto, 1989) .
Rearing techniques used for C. quinquefasciatus were similar to those described in a previous study, with some adaptations (Ruas-Neto & Silveira, 1989) . The optimal diet for larvae was a mixture of ground concentrated catfood pellets, yeast powder, and rabbit dung at a ratio of 7:2:1. A fourteen-hour period of light was supplied, but temperature was not completely stable.
Adults were fed on common sugar and weekly blood meals were obtained from quails (Nothura maculosa).
Early four-instar larvad (5 mm) were always used for tests. Selected individual results were pooled and then analyzed on a log-probit basis. The number of replicates for each formulation was not determined. Individual results with close standard lethal concentrations (LC50 and LC90) were selected. For each group of tests, the variation coefficient of lethal concentration values was less than 20%.
Formulations used in the tests are shown in Table 1 . Dilutions were always prepared immediately before use and readings were done after 24 hours. 
FIELD TESTS
Field tests were carried out in locations described in Table 2 , from August 1989 and December 1990. For determination of immediate responses, tests were carried out either using netted cylinders (1 m high,0.5 m wide with 1 mm mesh) to limit the area, or over the entire experimental area. The density unit used was the mean number of larvae per dip of 200 ml -MLPD. Dips were always taken along the margins to ensure uniformity of sample. Reductions in this mean were used as estimates of larval mortality.
Larvae were sampled and sifted through a nylon sieve (1 mm mesh) to retain L3 and L4 larvae, which were then used for calculation of MLPD. Dips were taken until the variation coefficient of larvae per dip counts was less than or equal to 20%. MLPD values were compared as anti-log means of logtransformed counts in every test (Elliot, 1983) .
Tests over entire experimental areas were evaluated according to observed reduction of MLPD in the area or %RT, after 24 hours as follows:
%RT: {(SR/IR) x 100} -100 where, IR: initial reading of MLPD in entire area (before treatment). SR: sequential reading of MLPD in entire area (after treatment). Tank artificially infested C. inflictus. C. saltanensis, C. coronator, (250 l) C. quiquefasciatus Feliz
* Culex
Most field applications were carried out using a hand-operated rack sprayer -capacity of 20 1 -in which the sprayed volume per area was 34 ml/m 2 . In some areas a motor sprayer was used. This had a capacity of 150 l and a sprayed volume per area of 119 ml/m 2 . When control cylinders were used, a correction of reduction of MLPD values was used (Obeta, 1986) : %RT = reduction in MPLD in treated cylinder; %RT = {(C1/T1 x T2/C2) x 100} -100.
where: C1 = MLPD in control cylinder before treatment; T1 = MPLD in treated cylinder before treatment; C2 and T2 = MLPD after a 24 hour period.
Biological Control
Test with reductions in MLPD in control cylinders over 30% were discarded.
Residual effect of biological larvicides was followed sprayed open areas and in tanks of 250 l, observed in October 1990. Tanks were kept full of field water and received larvae periodically. Twenty dips of 600 ml with larvae were added every day of readings. Immediate reduction in treated tanks was calculated as %RT, similar to cylinder situation. Variation of MLPD in the control tank was observed according to the parameter %RC, or reduction in MLPD considering the first reading. Residual effect in the treated tank was calculated as %RR, a reduction in MLPD in the treated tank considering sequential readings in the control tank: %RC = {(IRC/SRC) X 100} -100, where: IRC = INITIAL MLPD in control tank. SRC = sequential reading in control tank. %RR = {(SRT/SRC) x 100} -100, where: SRT = sequential reading in treated tank. Table 3 presents probit analysis of bioassays carried out during spring and summer seasons. A temperature effects observed during colder seasons was not analyzed (Ruas-Neto, 1987) . Table 4 presents results observed in field tests with cylinders, were doses are mg of product per arca. Chemical larvicides have doses presented as active ingredient per arca. Estimates of concentrations could be obtained considering a depth range of 0.1 to 0.5 m in each site. Table 5 presents immediate results of field tests with biological larvicides at a dose of 1250 mg/m 2 . Residual effect in these sites is shown in Figure 1 , as a number of weeks where a reduction of MLPD (%RT) of 90% or higher was observed, compared to initial readings. Table 6 and Figure 2 show results in tanks. Observation of B. thuringiensis israelensis application -Vectobac, was discontinued after one week, when the residual effects started decreasing. 
RESULT
DISCUSSION
An overall good response was observed in the bioassays with biological formulations Vectobac, Teknar and ABG 6262. Liquid Skeetal and powder DEB produced poorer responses. Experimental B. thuringiensis israelensis formulations F-5A and F-29C produced excellent results, suggesting that investment in production of such formulations could be cost-effects (Ruas-Neto & Silveira, 1989) .
Pyrethroid larvicides K-Othrine and Pirisa produced results within expectations. In contrast, lethal concentrations of organophosphorates Lebaycid and Abate were considered ten times higher than in other studies, suggesting some tolerance of C. quinquefasciatus to those compounds (Brow, 1986) .
Liquid B. sphaericus preparations stored at room temperature -A6262R and in the refrigerator -A6262L produced similar results, although heterogeneity of individual tests was much higher in the first case, Further tests are needed to assess the effects of storage temperature. Table 4 shows that good overall responces to biological formulations under field conditions were obtained at the dose of 1250 mg/m 2 . Differences in water quality did not influence the results, except in one situation -a sewage ditch, site I -where some result were poorer. A sharp decrease is expected in the immediate effect at lower doses in organically enriched environments (Sinegre et al., 1980; Mulla et al., 1988; Mulla et al., 1984) . Teknar yielded lower reductions in MLPD when doses were 50% or 25% of the above dose. Depth differences did not influence results, suggesting that effectiveness is more related to particle concentrations of the upper layer of the water (Mulla et al., 1988) . Table 6 shows that Vectobac, ABG 6262 and ABG 6262P were lighly effective regardless of the species composition of the site. Predatory C. (Lutzia) bigoti was also reduced, probably by eating moribund larvae.
Persistence of biological larvicides in the media has been discussed on several occasions (Lacey et al., 1984; Clark III & Rowley, 1984; Mulla et al., 1984; Balarman et al., 1987) . The overall conclusion is that B. sphaericus based formulations are superior to B. thuringensis israelensis examples. In some B. sphaericus strains such as 2362, toxic particles are embedded in the spore and become more protected against physical factors (Karch e Charles, 1987) . In B. thuringiensis israelensis, toxic particles are crystals released in the medium and therefore less protected. Also, B. sphaericus strains produce a higher rate of bacterial multiplication in larval bodies than B. thuringiensis israelensis, promoting a partial recycling after released in the medium (Roberts & aGarcia, 1984; Aly et al., 1985) .
B. thuringiensis israelensis preparations usually present a short-laasting effect under field conditions (Clark III & Rowley, 1984) . Solid slow-releasing formulations may extend this period to two or three weeks (Lacey et al., 1988; Lecy et al., 1984) . In contrast, longer periods have been observed with B. sphaericus formulations. Periods of one or two months have observed in some studies on B. sphaericus persistence (Lacey et al., 1984; Mulla et al., 1984) . In this study we observed that B. sphaericus effect in artificially infested tanks persisted for one month, much longer than the B. thuringiensis israelensis effect (Table 6 and Figure 2) . Under natural conditions, a heavily-infested small body of water, culicines remained controlled for nine months after one B. sphaericus. application (the effect in place 7 in Figure 1 ). The B. sphaericus effect probably ends when spores settle to the bottom of the medium (Balarman et al. 1987) . Toxic particles of B. sphaericus spores are probably destroyed in the mud, but the spores remain viable (Karch & Charles, 1987) .
Additional factors that can extend the residual effect of biological larvicides are population interactions and depth of the sites. We observed in some sites that C. quinquefasciatus was replaced by less important species after some applications (the effect in site 3 shown in Figure 1 ). Also, deeper bodies of water appeared to favour persistence of biological larvicides. In contrast, shallow sites or ditches where water is moving probably shorten the effect period.
In some places it is necessary to preserve diversity of organisms, specially those competitors to or predators upon target culicines. In such situations biological larvicides should be chosen. Chemical larvicides ate largely nonselective (Mohsen & Mulla, 1981; Frost & Sinniah, 1982) , affecting even vertebrates in some cases (Zinkl et al., 1981) . Such larvicides should be used only in places where pollutions is too high to allow for biological diversity, provided that they ate more cost-effective than biological examples. 
